The validity of the body mass index (BMI) as an indicator of the risk of becoming overweight and of the presence of overweight was evaluated in 6 groups of adolescents comprising several ethnic groups (n = 1570, aged 9-19 y). With use of triceps skinfold thickness and estimated percentage body fat as the criteria for adiposity, BMI had high specificities (86.1-98.8% for risk of overweight and 96.3-100% for presence of overweight) and lower but variable sensitivities (4.3-75.0% for risk of overweight and 14.3-60% for presence of overweight). Thus, almost all adolescents who were not at risk for overweight or who were not overweight were classified correctly. In contrast, many adolescents who were at risk of overweight or who were overweight were not correctly identified as measured by BMI. Partial correlations, controlling for age, between BMI and the triceps skinfold thickness and estimated percentage body fat were generally moderate to moderately high, whereas BMI and triceps skinfold thickness appeared to be equally related to estimated total body fatness and percentage body fat in Mexican American and Austrian white males. BMI was better correlated with trunk skinfold thicknesses, but when relative subcutaneous fat distribution was statistically controlled, the trunk-extremity contrast in the correlations was no longer apparent.
INTRODUCTION
Overweight is routinely described as a major problem in developed countries and in some segments of developing countries. Criteria for overweight, however, vary, and there is a need for an indicator that has applicability across a broad range of populations. Currently, the body mass index (BMI; in kg/m 2 ) is used widely because of the relative ease and accuracy of the basic measurements (1) . However, the BMI has limitations; it tends to have high specificity, but variable sensitivity in children and adolescents (2, 3) , although the validity of the BMI across diverse samples of youth has not been evaluated. The purpose of the present study is to evaluate the sensitivity and specificity of the BMI as an indicator of the risk of becoming overweight and of the presence of overweight in 6 groups of adolescents comprising several ethnic groups.
SUBJECTS AND METHODS
Characteristics of the 6 study groups used in the analysis are shown in Table 1 . Genital development was evaluated in the Austrian boys (9) with the criteria of Tanner (11) , in which stage 1 is the prepubertal stage, stage 2 is initial development of the genitalia, stages 3 and 4 are intermediate stages, and stage 5 is the mature stage. Stage of sexual maturation in the girls in New York was determined on the basis of a combination of menarcheal status and breast and pubic hair development (10) and was not equivalent to the stages of breast and pubic hair development described by Tanner (11) . Young et al (10) described the stages of sexual maturation as follows: premenarcheal with no secondary sexual development (stage 1); premenarcheal with some secondary sexual development (stage 2); premenarcheal at the time of study but attained menarche within 6 mo (stage 3); postmenarcheal with secondary sexual development not yet mature (stage 4); and postmenarcheal with mature secondary sexual development (stage 5).
BMI was calculated for all subjects. Percentage of body weight as fat (%Fat) was estimated from densitometry and the equation of Siri (12) for the sample of Mexican American boys from Austin, Texas (7), and from total body water converted to fat-free mass (FFM) for the samples of boys and girls from Vienna (9) and New York (10) . The age-and sex-specific constants of Lohman (13) for the water content of the FFM were used to adjust for the chemical immaturity of the developing FFM in the boys in Vienna and the girls in New York. The age-specific constants of Lohman (13) for the density of the FFM were applied to the densities of the Mexican American boys; however, several negative values for %Fat were obtained. The suggested constants may not be appropriate for boys of Mexican American ancestry. Hence, the values calculated originally were used in the analysis.
Sensitivity, specificity, predictive value, and efficiency were calculated with the equations of Himes and Bouchard (2) as shown in Figure 1 . The indicators of true obesity (overweight) were triceps skinfold thickness and %Fat. For BMI, cutoffs for the risk of becoming overweight and for the presence of overweight were those recommended by Himes and Dietz for adolescents (1) . Risk of overweight was defined as a BMI at or above the 85th percentile and below the 95th percentile, whereas the presence of overweight was defined as a BMI at or above the 95th percentile of age-and sex-specific US reference data (1, 14) . A third category was created in which the 2 groups (at risk and overweight) were combined. The percentile cutoffs for the triceps skinfold thickness were the same as for BMI using the same reference sample (14) . The cutoffs for %Fat were from the charts of Lohman (15) . For boys, risk of overweight was defined as ≥ 20%Fat and the presence of overweight was defined as ≥ 25%Fat. For girls, the cutoff for risk of overweight was ≥ 25%Fat and that for presence of overweight was ≥ 30%Fat. These percentages are higher than those used by Himes and Bouchard (2) on the basis of total body water predicted from weight and height (16) .
RESULTS
The number of subjects, the subjects' age, body size, and indicators of fatness are shown in Table 1 ; the estimated prevalence of the risk of overweight and presence of overweight in each sample is shown in Table 2 . In the 3 samples for which %Fat was estimated, prevalence of the risk of overweight was greater when the criterion used was %Fat than when BMI or triceps skinfold thickness was used. In the sample of boys from Vienna, the prevalence of the risk of overweight using the triceps skinfold thickness as the criterion was zero, followed by a low prevalence with BMI as the criterion (1.9%). The corresponding prevalence with BMI as the criterion was 6.7% in the sample of New York girls. With %Fat as the criterion, 21.3% and 42.3% of the boys from Vienna and girls from New York, respectively, were classified as being at risk of overweight. In the sample of Mexican American boys, prevalences of the risk of overweight were 4.2%, 5.3%, and 13.7% with the triceps skinfold thickness, BMI, and %Fat used as the respective criterion. In contrast, no individuals in the 3 samples were classified as overweight.
In the other samples, with few exceptions, the prevalence of the risk of overweight with either BMI or triceps skinfold thickness as the criterion was reasonably similar. With BMI as the criterion (though numbers were small in some samples), fewer black and Asian girls were classified as being at risk of overweight, whereas prevalences for Mexican American and white girls were higher. The prevalence of overweight in all samples was low, ranging from 0.0% to 6.4% with BMI as the criterion, and from 0.0% to 12.8% with the triceps skinfold thickness as the criterion. The most recent sample of white boys from northern Ontario had the highest prevalence of overweight (12.8%) with the triceps skinfold thickness as the criterion.
Validity of the BMI as an indicator of the risk of overweight and of the presence of overweight is shown in Table 3 . Specificities of the BMI relative to the triceps skinfold thickness and %Fat were high, indicating that almost all boys and girls not obese were classified correctly. In contrast, sensitivities (ie, proportions of subjects truly at risk of overweight or truly overweight) were variable, ranging from 20.0% to 75.0% for the risk of overweight with the triceps skinfold thickness as the criterion and from 4.3% to 30.8% for the risk of overweight with %Fat as the criterion (Table 3 ). In the samples from Europe and New York, the BMI was a poor predictor of the risk of overweight compared with %Fat. Perhaps the cutoff value for the risk of overweight based on %Fat was too low or, conversely, the cutoff values for the risk of overweight based
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on the BMI and subcutaneous fatness (triceps skinfold thickness) were too high such that the criteria did not appropriately reflect safe amounts of total body fatness. Sensitivities ranged from 14.3% to 60.0% for overweight (Table 3) . Several samples had no or only few individuals classified as overweight by either the BMI, triceps skinfold thickness, or %Fat. The predictive value of the BMI as an indicator of the risk of overweight relative to the triceps skinfold thickness varied among samples from 16.7% in Canadian girls to 80.0% in Asian girls (Table 3) . Corresponding data for the BMI as an indicator of the risk of overweight relative to %Fat were limited and predictive values were 50.0%, 57.1%, and 80.0% in European white boys, American white girls, and Mexican American boys, respectively. The predictive value of the BMI as an indicator of overweight was generally high in all samples for which it could be calculated with the exception of Mexican American girls in California (16.7%). The predictive value for Mexican American girls from Texas was 76.9%. In contrast, efficiency of the BMI as an indicator of the risk of overweight and of overweight was reasonably high among samples.
Relations between indicators of overweight are of potential interest in the context of selecting a reasonable index with which to assess adiposity or obesity in adolescents. Partial correlations, controlling for age, between the BMI and the triceps skinfold thickness and estimated %Fat (indicators of overweight), though significant, varied among samples (Table 3) . With few exceptions, the correlations were moderate to moderately high. The lowest correlations were those in the samples from Europe and New York. These were also the samples with the lowest specificities when %Fat was used as the criterion. Thus, the weaker relations between BMI and %Fat in these samples may explain the poor specificity.
Partial correlations controlled for age, of %Fat and total body fat with BMI and triceps skinfold thickness are shown in Table 4 . BMI and triceps skinfold thickness appeared to be equally related to estimated total body fatness and %Fat in Mexican American and European white males. In the sample of American white females, the correlations were slightly lower (especially those for BMI and %Fat); comparisons between the indicators could not be made because of lack of data on the triceps skinfold thickness.
The triceps skinfold thickness, though easily accessible for measurement cross-culturally, may have limitations as an indicator of overweight. Thus, partial correlations, controlled for age, between BMI and the sum of 4 skinfold thicknesses and individual skinfold thicknesses, were calculated. The correlations were moderate to moderately high and did not vary between ethnic groups ( Table 5) . It appeared that BMI was better correlated with trunk skinfold thicknesses. Given population variation in relative subcutaneous fat distribution, which generally indicates a trunk-extremity contrast, relative subcutaneous fat distribution may be a potential confounder of the relation between BMI and skinfold thicknesses. When relative fat distribution in the form of a trunk-to-extremity ratio was controlled (Table 5) , partial correlations between BMI and the sum of 4 skinfold thicknesses and individual skinfold thicknesses did not appreciably differ from the correlations indicated previously. Further, the trunk-extremity contrast in the correlations between BMI and individual skinfold thicknesses was no longer apparent.
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DISCUSSION
With use of the triceps skinfold thickness and estimated %Fat as the criteria for the risk of overweight or for the presence of overweight, BMI as an indicator of each condition had high specificity and lower but variable sensitivity. Thus, almost all adolescents who were not at risk of overweight or who were not overweight were classified correctly. In contrast, many adolescents who were at risk of overweight or who were overweight were not identified correctly with the BMI. These results are consistent with estimates for Canadian youth of French Canadian (2) and European (3) ancestry. There may have been ethnic variation in sensitivities. With the triceps skinfold thickness as the criterion, sensitivities for BMI as an indicator of the risk of overweight may have been somewhat higher in Mexican Americans and whites than in the small samples of blacks and Asians. Corresponding sensitivities for BMI as an indicator of overweight were lower in Mexican American than in white adolescents.
Ethnic variation in relative subcutaneous fat distribution and in the relative proportions of the trunk and lower extremities to height are potentially confounding factors in the use of the BMI as an index of adiposity (17, 18) . Individual and population differences in the timing and tempo of the adolescent growth spurt and sexual maturation may be additional concerns in the interpretation of BMI. For example, the lower extremities experience maximum growth, on average, before maximum growth in the trunk, whereas maximum growth in body mass occurs, on average, more coincident with growth of the trunk (19) . Population variation is evident in the timing of peak height velocity during the adolescent spurt and sexual maturation (age at menarche). These events occur earlier in American blacks than in American whites; they also occur earlier in southern Chinese and Japanese people than in Europeans (20, 21) .
Stage of sexual maturation may be a confounder when interpreting BMI as an indicator of the risk of overweight and of the 134S MALINA AND KATZMARZYK presence of overweight ( Table 6 ). On average, BMI increases with stage of genital maturation in boys (though not significantly), whereas the triceps skinfold thickness does not; relative fatness, in contrast, decreases in the later stages of maturation (reflecting the rapid growth of FFM at this time). BMI also increases with stage of sexual maturation in girls, but estimates of relative fatness are variable, especially in girls who recently attained menarche (stage 3). Partial correlations, controlled for age, between BMI and %Fat, total body fat, and triceps skinfold thickness within each stage of sexual maturation are shown in Table 6 . With the exception of boys in genital stage 2, correlations between BMI and estimated relative and absolute fatness were highest in prepubertal boys and somewhat lower later in puberty. Corresponding correlations for the triceps skinfold thickness were lower. Among girls, correlations between BMI and estimated relative and absolute fatness decreased with advancing maturation and were negative in the small sample of girls who recently attained menarche. The correlations varied in magnitude, emphasizing the need to control statistically for chronologic age within stages of sexual maturation when making comparisons. Chronologic age by itself may influence the indexes under consideration. The partial correlations of estimated %Fat and total body fat with BMI and triceps skinfold thickness (Table 4) were generally lower than those reported by Roche et al (22) for youth aged 6.0-12.9 y and 13.0-17.9 y. The differences might reflect methodologic variation in estimating body composition. In addition, the reported correlations were zero order values without control for chronologic age. Because absolute and relative fatness, BMI, and triceps skinfold thickness vary with age during childhood and adolescence, this is expected.
The variable sensitivities (ie, proportions of subjects truly at risk of overweight or truly overweight) of the BMI relative to the triceps skinfold thickness as an indicator of the risk of overweight and of overweight may be related to the different classifications of overweight and obesity. Van Itallie and Abraham (23) attempt to identify 3 types: 1) overweight, not obese (high BMI, low skinfold thicknesses), 2) obese, not overweight (high skinfold thicknesses, low BMI), and 3) overweight and obese (high BMI and high skinfold thicknesses). Growth characteristics of black, white, and Mexican American children classified as obese by the triceps skinfold thickness alone, by BMI alone, and by both BMI and triceps skinfold thickness were reported previously (24) . Children of both sexes classified as obese by BMI alone were heavy and had large estimated midarm muscle circumferences. Children classified as obese by both BMI and triceps skinfold thickness were especially heavy (heavier than the BMI obese) and had larger estimated midarm muscle circumferences (but not as large as the BMI obese). Children classified as obese by the triceps skinfold thickness only were generally heavier than average, but were variable in stature and estimated midarm muscle circumference. Although there was some variation among the 3 ethnic groups, it appears that different types of overweight and obesity were identified by different criteria (24) . These observations were in children 6-12 y of age and should be replicated in adolescents, given the considerable growth of arm musculature, especially in males, during adolescence (18) .
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In summary, application of the reference and cutoff values recommended by an expert committee (1) to several ethnically diverse samples showed BMI to have high specificity, but low and variable sensitivity, as an indicator of the risk of overweight and of the presence of overweight in adolescents. On the other hand, the efficiency of the BMI as an indicator of the risk of overweight and of overweight was relatively high. Allowing for the ease of measuring height and weight in the field setting, the BMI is an acceptable and valid indicator of the risk of overweight and the presence of overweight in adolescents. The BMI, however, is only a screening tool; adolescents identified as being at risk of overweight or as overweight should be referred for appropriate counseling.
